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TITLE OF THE INVENTION 

SINGLE-CARRIER RECEIVER HAVING A CHANNEL EQUALIZER INTERACTING WITH A 
TRELLIS DECODER AND A CHANNEL EQUALIZATION METHOD THEREFOR 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Provisional Patent Application No. 
60/430,359, filed on December 3, 2002, in the U.S. Patent and Trademark Office, and claims 
benefit of Korean Patent Application No. P2003-3133, filed January 16, 2003 in the Korean 
Intellectual Property Office, the disclosures of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates to a channel equalizer, and more particularly, to a 
channel equalizer interacting with a Trellis decoder. 

2. Description of the Prior Art 

[0003] FIG. 1 is an example of a conventional channel equalizer for a general single-carrier 
receiver, illustrating a schematic block diagram for a channel equalizer having a decision 
feedback equalizer (DFE). 

[0004] The DFE-structured channel equalizer has a feed-forward (FF) unit 10, a feedback 
(FB) unit 30, an adder 50, a level decision unit 70, and an error calculation unit 90. 

[0005] The FF unit 10 eliminates the pre-ghost influence for each symbol of an input signal 
and the FB unit 30 eliminates the post-ghost influence for each symbol of an input signal. The 
adder 50 adds a pre-g host-free value of the FF unit 10 and a post-ghost-free value of the FB 
unit 30. 

[0006] The level decision unit 70 determines an output signal having a level, of a plurality of 
preset levels, nearest to the value obtained at the adder 50. The level decision unit 70 feeds 
back the level-determined signal to the FB unit 30. The level decision unit 70 determines a 
preset level for an output signal corresponding to a set signal level, for example, 4-level, 8-level, 
16-level, or the like. 

[0007] The error calculation unit 90 calculates an equalization error value based on a signal 
output from the adder 50 and a signal output from the level decision unit 70. The calculated 
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equalization error value is output to the FF unit 10 and the FB unit 30. The FF unit 10 and the 
FB unit 30 each update filter tap coefficients based on the inputted equalization error value. 

[0008] This conventional DFE-structured channel equalizer has an advantage of having a 
fast convergence speed with relatively less taps. However, the accuracy of an estimation signal 
output to the FB unit 30, e.g., a feedback filter, greatly affects the equalization performance of a 
channel equalizer. Thus, a problem with this conventional DFE-structured channel equalizer is 
that if an incorrect estimation signal is input to the FB unit 30 from the level decision unit 70, 
e.g., due to noise, an error propagation phenomenon may occur, which will degrade the 
equalization performance of the channel equalizer. 

SUMMARY OF THE INVENTION 

[0009] The present invention has been devised to solve the above and/or problems. 
Therefore, it is an aspect of the present invention to provide a single-carrier receiver having a 
channel equalizer interacting with a Trellis decoder and a channel equalization method therefor. 

[0010] Additional aspects and/or advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

[001 1] An additional aspect of the present invention is to provide a channel equalizer for a 
single-carrier receiver, including a first equalizer having a first feed forward (FF) unit to eliminate 
a pre-ghost of an input signal and a first feedback (FB) unit to eliminate a post-ghost of the input 
signal, a Trellis decoder for Trellis-decoding an output signal of the first equalizer, and a second 
equalizer having a second FF unit to eliminate the pre-ghost of the input signal and a second FB 
unit to eliminate the post-ghost of the input signal based on an output signal of the Trellis 
decoder. 

[0012] A further aspect of the present invention is to provide a channel equalization method 
for a signal-carrier receiver, including first equalizing an input signal by eliminating pre-ghost 
and post-ghost of the input signal using a first feed forward (FF) unit and a first feedback (FB) 
unit, Trellis-decoding a result of the first equalizing of the input signal, and second equalizing a 
result of the Trellis-decoding, comprising eliminating the pre-ghost of the input signal in a 
second FF unit and eliminating the post-ghost of the input signal in a second FB unit based on 
the result of the Trellis-decoding. 

[0013] Another aspect of the present invention is to provide a channel equalizer for a single- 
carrier receiver, including a first equalizer having a first FF unit to eliminate a pre-ghost of an 
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input signal, a first FB unit to eliminate a post-ghost of the input signal, and a first error 
calculation unit to calculate a first equalization error value based on an added signal of an 
output signal of the first FF unit and an output signal of the first FB unit, a buffer to store the 
input signal input to the first equalizer for a certain period of time, a Trellis decoder having an 
entire decoding depth of N and an entire traceback delay symbol length of N x K , with N and K 
being natural numbers, and Trellis-decode an output signal of the first equalizer, a Trellis 
controller to control the Trellis decoder to output to the first FB unit an estimation signal output in 
a predetermined decoding depth state of the Trellis decoder if the first equalization error value 
becomes less than or equal to a threshold value, and a second equalizer having a second FF 
unit to eliminate the pre-ghost of the input signal output from the buffer and a second FB unit to 
eliminate the post-ghost of the input signal based on an output of the Trellis decoder. 

[0014] An additional aspect of the present invention is to provide a channel equalizer for a 
single-carrier receiver, including a first equalizer having a first feed forward (FF) unit to eliminate 
a pre-ghost of an input signal, a first feedback (FB) unit to eliminate a post-ghost of the input 
signal, and a first error calculation unit to calculate a first equalization error value based on an 
added signal of an output signal of the first FF unit and an output signal of the first FB unit, a 
buffer to store the input signal input to the first equalizer for a certain period of time, a Trellis 
decoder having an entire decoding depth of N and an entire traceback delay symbol length of 
NxK , with N and K being natural numbers, and Trellis-decode an output signal of the first 
equalizer, a Trellis controller to control the Trellis decoder to output to the first FB unit plural 
estimation signals output in plural states of entire decoding depths of the Trellis decoder, if the 
first equalization error value becomes less than or equal to a threshold value, and a second 
equalizer having a second FF unit to eliminate the pre-ghost of the input signal output from the 
buffer and a second FB unit to eliminate the post-ghost of the input signal, based on an output 
of the Trellis decoder. 

[0015] An additional aspect of the present invention is to provide a channel equalizer for a 
single-carrier receiver, including a first equalizer having a first feed forward (FF) unit to eliminate 
a pre-ghost of an input signal, and a first feedback (FB) unit to eliminate a post-ghost of the 
input signal, a buffer to store the input signal input to the first equalizer for a certain period of 
time, a Trellis decoder having a decoding depth of N and an entire traceback delay symbol 
length of AT x K , with N and K being natural numbers, and to Trellis-decode an output signal of 
the first equalizer, and a second equalizer having a second FF unit to eliminate the pre-ghost of 
the input signal output from the buffer, a second FB unit to eliminate the post-ghost of the input 
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signal based on an output of the Trellis decoder, and a second error calculation unit to calculate 
a second equalization error value based on the output of the Trellis decoder. 

[0016] An additional aspect of the present invention is to provide a channel equalizer for a 
single-carrier receiver, including a first equalizer having a first feed forward (FF) unit to eliminate 
a pre-ghost of an input signal, a first feedback (FB) unit to eliminate a post-ghost of the input 
signal, and a first error calculation unit to calculate a first equalization error value based on an 
added signal of an output signal of the first FF unit and an output signal of the first FB unit, a 
buffer for storing the input signal input to the first equalizer for a certain period of time, a Trellis 
decoder having an entire decoding depth of N and an entire traceback delay symbol length of 
NxK , with N and K being, and Trellis-decode an output signal of the first equalizer, a Trellis 
controller to control the Trellis decoder to output to the first FB unit an estimation signal output in 
a predetermined decoding depth state of the Trellis decoder if the first equalization error value 
becomes less than or equal to a threshold value, and a second equalizer having a second FF 
unit to eliminate the pre-ghost of the input signal output from the buffer, a second FB unit to 
eliminate the post-ghost of the input signal based on an output of the Trellis decoder, and a 
second error calculation unit to calculate a second equalization error value based on the output 
of the Trellis decoder. 

[0017] An additional aspect of the present invention is to provide a channel equalizer for a 
single-carrier receiver, including a first equalizer having a first feed forward (FF) unit to eliminate 
a pre-ghost of an input signal, a first feed back (FB) unit to eliminate a post-ghost of the input 
signal, and a first error calculation unit to calculate a first equalization error value based on an 
added signal of an output signal of the first FF unit and an output signal of the first FB unit, a 
buffer to store the input signal input to the first equalizer for a certain period of time, a Trellis 
decoder having an entire decoding depth of N and an entire traceback delay symbol length of 
N x K , with N and K being natural numbers, and to Trellis-decode an output signal of the first 
equalizer, a Trellis controller to control the Trellis decoder to input to the first FB unit plural 
estimation signals output in plural states of the entire decoding depths of the Trellis decoder, if 
the first equalization error value becomes less than or equal to a threshold value, and a second 
equalizer having a second FF unit to eliminate the pre-ghost of the input signal output from the 
buffer, a second FB unit to eliminate the post-ghost of the input signal based on an output of the 
Trellis decoder, and a second error calculation unit to calculate a second equalization error 
value based on the output of the Trellis decoder. 
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[0018] An additional aspect of the present invention is to provide a receiver, including a 
demodulator to convert a received signal to a baseband signal, a channel equalizer to 
compensate for channel distortions in the demodulated received signal, a phase recovery unit to 
recover a phase of the channel equalized signal, and a decoder to decode the phase recovered 
signal, wherein the channel equalizer further comprises a first equalizer having a first feed 
forward (FF) unit to eliminate a pre-ghost of a channel equalizer input signal and a first feedback 
(FB) unit to eliminate a post-ghost of the channel equalizer input signal, a Trellis decoder to 
Trellis-decode an output signal of the first equalizer, and a second equalizer having a second FF 
unit to eliminate the pre-ghost of the channel equalizer channel equalizer signal and a second 
FB unit to eliminate the post-ghost of the channel equalizer input signal based on an signal 
decoded by the Trellis decoder. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] These and/or other aspects and advantages of the invention will become more 
apparent and more readily appreciated from the following embodiments, taken in conjunction 
with the accompanying drawings in which: 

FIG. 1 is a block diagram of a conventional channel equalizer for a single-carrier 
receiver; 

FIG. 2 is a block diagram of a single-carrier receiver according to an embodiment of the 
present invention; 

FIG. 3 is a block diagram of a channel equalizer for the single-carrier receiver of FIG. 2, 
according to an embodiment of the present invention; 

FIG. 4 illustrates a Trellis decoder for the single-carrier receiver of FIG. 2, according to 
an embodiment of the present invention; 

FIG. 5 is a block diagram illustrating a channel equalizer for the single-carrier receiver of 
FIG. 2, according to another embodiment of the present invention; 

FIG. 6 is a block diagram illustrating a channel equalizer for the single-carrier receiver of 
FIG. 2, according to still another embodiment of the present invention; 

FIG. 7 is a block diagram illustrating a channel equalizer for the single-carrier receiver of 
FIG. 2, according to yet another embodiment of the present invention; 

FIG. 8 is a block diagram illustrating a channel equalizer for the single-carrier receiver of 
FIG 2, according to another embodiment of the present invention; 

FIG. 9 is a block diagram illustrating a channel equalizer for the single-carrier receiver of 
FIG. 2, according to another embodiment of the present invention; and 
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FIG. 10 is a flow chart illustrating a channel equalization method for the channel 
equalizer of FIG. 9, according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0020] Preferred embodiments of the present invention will be now be described in detail with 
reference to attached drawings. Like reference numerals refer to like elements throughout. 

[0021] FIG. 2 is a block diagram of a vestigial side-band (VBS) receiver, for example, of a 
single-carrier receiver, having a channel equalizer interacting with a Trellis decoder, according to 
an embodiment of the present invention. 

[0022] A VSB receiver has a demodulator 110, a distortion compensation unit 120, a comb 
filter 130, a channel equalizer 400, a phase recovery unit 150, a Trellis decoder 170, a de- 
interleaver 180, and a Reed-Solomon decoder 190. 

[0023] The demodulator 110 converts a received RF-band broadcast signal to a baseband 
signal. The distortion compensation unit 120 recovers a segment synchronization signal, a field 
synchronization signal, symbol timings, etc., for the baseband signal output from the 
demodulator 110. The comb filter 130 eliminates an NTSC interference signal from the 
baseband signal output from the demodulator 110. 

[0024] The channel equalizer 400 has at least a first equalizer 41 0, a Trellis decoder 430, 
and a second equalizer 470, and compensates for channel distortions occurring during 
broadcast signal transmissions through a transmission channel. The phase recovery unit 150 
recovers the phase of the broadcast signal for which channel distortions are compensated. 

[0025] The Trellis decoder 170 Trellis-decodes the phase-recovered broadcast signal. The 
de-interleaver 180 de-interleaves the Trellis-decoded broadcast signal in correspondence to 
interleaving carried out at the transmission side. The Reed-Solomon decoder 190 decodes the 
de-interleaved broadcast signal in correspondence to a Reed-Solomon decoding for the 
broadcast signal, as implemented at the transmission side. 

[0026] Detailed descriptions will now be made of channel equalizers interacting with a Trellis 
decoder, according to embodiments of the present invention. 

[0027] FIG. 3 is a block diagram of the channel equalizer 400, according to an embodiment 
of the present invention. 

[0028] The channel equalizer 400 has a first equalizer 410, a Trellis decoder 430, a buffer 
450, and a second equalizer 470. 
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[0029] The first equalizer 410 has at least a first FF unit 411 , a first FB unit 413, a first adder 
415, a first level decision unit 417, and a first error calculation unit 419. 

[0030] The first FF unit 411 eliminates the pre-ghost of an input signal, and the first FB unit 
413 eliminates the post-ghost of the input signal. 

[0031] The first adder 415 adds the output signals of the first FF unit 411 and the first FB unit 
413, and generates an output signal of the first equalizer 410. The first level decision unit 417 
determines a preset level corresponding to the signal added in the first adder 415, with a level- 
determined signal being fed back to the first FB unit 41 3. The first error calculation unit 41 9 
calculates a first equalization error value based on the output signals of the first adder 415 and 
the first level decision unit 417. The calculated first equalization error value is output to the first 
FF unit 411 and the first FB unit 413. The first FF unit 411 and the first FB unit 413 update filter 
tap coefficients according to the output first equalization error value, and eliminate the pre-ghost 
and post-ghost of the input signal. 

[0032] The output signal of the first equalizer 41 0, which is output from the first adder 41 5, is 
output to the Trellis decoder 430. The Trellis decoder 430 Trellis-decodes the output signal of 
the first equalizer 410. The Trellis decoder 430, applied to the channel equalizer, according to 
the present embodiment, as shown in FIG. 4, will be described herein according to the situation 
when the de-interleaving is carried out by a unit of K symbols and the states of decoding depth 
are 0, 1, 2, 3,.., or N. The entire traceback delay of the Trellis decoder, thereby, becomes 
KxN symbols. 

[0033] The output signal of the first equalizer 410, Trellis-decoded through the Trellis decoder 
430, is output to a second FB unit 473 of the second equalizer 470. 

[0034] The second equalizer 470 has at least a second FF unit 471 , a second FB unit 473, a 
second adder 475, a second level decision unit 477, and a second error calculation unit 479. 

[0035] The second FF unit 471 eliminates the pre-ghost of the input signal, as output from 
the buffer 450, and the second FB unit 473 eliminates the post-ghost of the input signal, as 
output from the buffer 450, based on a Trellis-decoded signal of the Trellis decoder 430. The 
second adder 475 adds the output signals of the second FF unit 471 and the second FB unit 
473 and outputs an output signal of the second equalizer 470, thereby, outputting the output of 
the channel equalizer 400. 

[0036] The second level decision unit 477 determines a preset level corresponding to the 
signal added in the second adder 475. The level-determined signal is then output to the second 
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error calculation unit 479. That is, the second FB unit 473 inputs a signal Trellis-decoded by the 
Trellis decoder 430, to prevent error propagation. The error propagation may occur when the 
level decision unit 477 determines an incorrect level for the signal added in the second adder 
475. 

[0037] The second error calculation unit 479 calculates the second equalization error value 
based on the output signals of the second adder 475 and the second level decision unit 477. 
The calculated second equalization error value is output to the second FF unit 471 and the 
second FB unit 473. The second FF unit 471 and the second FB unit 473 update respective 
filter tap coefficients according to the inputted second equalization error value, and eliminate the 
pre-ghost and post-ghost of an input signal. 

[0038] Accordingly, the input of a Trellis-decoded signal to the second FB unit 473, of the 
second equalization unit 470, enhances an equalization convergence speed as well as 
equalization performance. 

[0039] FIG. 5 is a block diagram illustrating a channel equalizer 500, in detail, according to a 
second embodiment of the present invention. 

[0040] The channel equalizer 500 has a first equalizer 51 0, a Trellis decoder 530, a Trellis 
controller 531 , a buffer 550, and a second equalizer 570. 

[0041] The first equalizer 510 has a first FF unit 511 for eliminating the pre-ghost of an input 
signal, a first FB unit 513 for eliminating the post-ghost, a first adder 515 for adding the output 
signals of the first FF unit 511 and the first FB unit 513 and outputting an output signal of the 
first equalizer 510, a first level decision unit 517 for determining a preset level corresponding to 
a signal added in the first adder 515 and providing a level-determined signal to the first FB unit 
513, and a first error calculation unit 519. The first error calculation unit 519 uses output signals 
of the first adder 515 and the first level decision unit 517 to calculate and provide the first 
equalization error value to the first FF unit 511 and the first FB unit 513. 
[0042] The output signal of the first equalizer 510, outputted from the first adder 51 5, is 
thereafter decoded by the Trellis decoder 530. 

[0043] The Trellis controller 531 controls the Trellis decoder 530 to output a Trellis-decoded 
estimation signal to the first FB unit 513, based on the first equalization error value calculated in 
the first error calculation unit 519, if the first equalization error value becomes less than a 
threshold value. 



8 



Docket No.: 1349.1180 

[0044] In general, if a symbol error rate (SER) is compared between a signal decoded in the 
Trellis decoder 530 and a signal level determined by the first level decision unit 517, over time, 
the symbol error rate has a different result value before and after a certain time. That is, a 
symbol error rate of a signal level determined by the first level decision unit 517, before a certain 
time, is less than or equal to a symbol error rate of a signal decoded by the Trellis decoder 530, 
while a symbol error rate of a signal decoded by the Trellis decoder 530 becomes lower after 
the certain time. 

[0045] According to the symbol error rate characteristics of the first level decision unit 51 7 
and the Trellis decoder 530, over time, the Trellis controller 531 controls the Trellis decoder 530 
based on a first equalization error value calculated in the first error calculation unit 519 in order 
to input a Trellis-decoded signal having a symbol error rate to the first FB unit 513, after the 
certain time. 

[0046] According to the control of the Trellis control unit 531 , the Trellis decoder 530 outputs 
to the first FB unit 513 an estimation signal decoded at an nth decoding depth. 

[0047] If the Trellis decoder 530 is represented as shown in FIG. 4, an estimation signal dn 
decoded at a nth decoding depth has a traceback delay symbol length of n x K (symbol unit), 
and is inputted to a {1 + (« x K)} ,h filter tap of the first FB unit 51 3, accordingly. 
[0048] The first FB unit 513 carries out ghost eliminations based on the estimation signal dn 
having a low symbol error rate after the {1 + (n x K)} ,h filter tap. 

[0049] By inputting the estimation signal dn of the Trellis decoder 530, having a low symbol 
error rate, to a corresponding filter tap of the first FB unit 513, in consideration of a traceback 
delay length, to prevent error propagation phenomenon occurrences in the first FB unit 513, due 
to the errors of the first level decision unit 517. 

[0050] Thereafter, the output signal of the first equalizer 51 0, based on the outputs of the first 
FF unit 511 and the first FB unit 513 being added by the first adder 515, is decoded through the 
Trellis decoder 530 and output to the second FB unit 573 of the second equalizer 570. 

[0051] Detailed descriptions of the equalization process by the second equalizer 570 are 
omitted herein, as the process can be the same as that for the second equalizer 470 of the 
embodiment illustrated in FIG. 3. As a result, a signal Trellis-decoded by the Trellis decoder 
530 is output to the second FB unit 573 to prevent the error propagation phenomenon of the 
second FB unit 573, due to the error of the second level decision unit 577. Accordingly, the 
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equalization performance of the channel equalizer 500 can be enhanced over conventional 
systems. 

[0052] FIG. 6 is a block diagram showing a channel equalizer 600, according to another 
embodiment of the present invention. 

[0053] The channel equalizer 600 has at least a first equalizer 61 0, a Trellis decoder 630, a 
Trellis controller 631 , a buffer 650, and a second equalizer 670. 

[0054] The first equalizer 610 has a first FF unit 611 , for eliminating the pre-ghost of an input 
signal, a first FB unit 613 for eliminating the post-ghost, a first adder 615 for adding the output 
signals of the first FF unit 611 and the first FB unit 613, representing an output signal of the first 
equalizer 610, a first level decision unit 617 for determining a preset level corresponding to an 
output of the first adder 615 and providing a level-determined signal to the first FB unit 613, and 
a first error calculation unit 619. The first error calculation unit 619 uses the output signals of 
the first adder 615 and the first level decision unit 617 to calculate and provide a first 
equalization error value to the first FF unit 611 and the first FB unit 613. 

[0055] An output signal of the first equalizer 610, which is output from the first adder 615, is 
Trellis-decoded by the Trellis decoder 630. 

[0056] The Trellis controller 631 controls the Trellis decoder 630 to output plural Trellis- 
decoded estimation signals to the first FB unit 613, if the first equalization error value calculated 
in the first error calculation unit 619 becomes less than or equal to a threshold value. 

[0057] The plural estimation signals, decoded by the Trellis decoder 630, are output to the 
respective filter taps of the first FB unit 61 3, in correspondence to a traceback delay length of 
the Trellis decoder 630. 

[0058] For example, in the Trellis decoder 630 shown in FIG. 4, if plural decoding depth 
states, arbitrarily set out of the entire decoding depth states, of 0, 1 , 2, 3, 4,.., and N are 0, 1 , 
2,.., and n, the estimation signals decoded in the states of 0, 1, 2,.., and n become dO, d1,.., and 
dn. In this case, the estimation signal dO output in the state of decoding depth "0" is output to 
the first filter tap of the first FB unit 613, and the estimation signal d1 output in the state of 
decoding depth "1" is output to the (1+K)th filter tap of the K symbol unit. 

[0059] The estimation signal dn, output in the state of decoding depth "n," is output to a filter 
tap corresponding to a traceback delay symbol length {1 + (n x K)} of the filter taps of the first 
FB unit 613. 
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[0060] Accordingly, the plural estimation signals of the Trellis decoder 630, having a low 
symbol error rate, are output to the plural filter taps corresponding to the first FB unit 613, 
according to the control of the Trellis controller 631 , to prevent the error propagation 
phenomenon occurring in the first FB unit 613, due to the errors of the first level decision unit 
617. 

[0061] Thereafter, an output signal of the first equalizer 610, which is output from the first 
adder 615, is Trellis-decoded through the Trellis decoder 630 and output to the second FB unit 
673, of the second equalizer 670. 

[0062] Detailed descriptions of the equalization process by the second equalizer 670 are 
omitted herein, as the process can be the same as that for the second equalizer 470 of the 
embodiment illustrated in FIG. 3. As a result of the equalization process, a signal Trellis- 
decoded by the Trellis decoder 630 is output to the second FB unit 673 to prevent error 
propagation phenomenon occurrences in the second FB unit 673, due to the error of the second 
level decision unit 677. Accordingly, the equalization performance of the channel equalizer 600 
is enhanced over conventional systems. 

[0063] FIGS. 7-9 respectively illustrate block diagrams of channel equalizers 700, 800,and 
900, according to additional embodiments of the present invention. Respectively, the channel 
equalizers 700, 800, and 900, shown in FIGS. 7-9, first equalizers 710, 810, and 910, Trellis 
decoders 730, 830, and 930, Trellis controllers 831, 931, and buffers 750, 850, and 950 have 
the same structures and operations as the first equalizers 410, 510, and 610, the Trellis 
decoders 430, 530, and 630, the Trellis controllers 531 and 631 , and the buffers 450, 550, and 
650, of the channel equalizers 400, 500, and 600 of the embodiments of the present invention 
shown in FIGS. 3, 5 and 6. Accordingly, detailed descriptions are omitted herein. 

[0064] Second equalizers 770, 870, and 970, of the channel equalizers 700, 800, and 900, 
respectively, have different structures and operations compared to the second equalizers 470, 
570, and 670, of the aforementioned channel equalizers 400, 500, and 600. 

[0065] Hereinafter, descriptions will be made on the structures and operations of the second 
equalizers 770, 870, and 970, of the channel equalizers 700, 800, and 900, respectively, by 
focusing on the second equalizer 770, shown in FIG. 7. 

[0066] The second equalizer 770 at least has a second FF unit 771 , a second FB unit 773, a 
second adder 775, and a second error calculation unit 779. 
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[0067] The second FF unit 771 eliminates the pre-ghost for an input signal of the first 
equalizer 710, output from the buffer 750 after a predetermined time. 

[0068] The second FB unit 773 inputs a Trellis-decoded signal, from the Trellis decoder 730, 
and eliminates the post-ghost for an input signal of the first equalizer 710, which is output from 
the buffer 750, based on the Trellis-decoded signal. 

[0069] The second adder 775 adds the output signals from the second FF unit 771 and the 
second FB unit 773, and outputs an output signal of the second equalizer 770, representing the 
output of the channel equalizer 700. 

[0070] The second error calculation unit 779 calculates the second equalization error value, 
based on a signal output from the second adder 775 and a Trellis-decoded signal output from 
the Trellis decoder 730. The calculated second equalization error value is output to the second 
FF unit 771 and the second FB unit 773. The second FF unit 771 and the second FB unit 773 
update respective filter tap coefficients corresponding to the output second equalization error 
value, to implement equalizations. 

[0071] The Trellis-decoded signal, by the Trellis decoder 730, is output to the second FB unit 
773 to prevent the occurrences of an error propagation phenomenon in the second FB unit 773, 
due to the error of the second level decision unit 777. Since the second error calculation unit 
779 calculates the second equalization error value based on the Trellis-decoded signal, the 
equalization convergence speed and equalization performance of the second FF unit 771 and 
the second FB unit 773 are enhanced over conventional systems. 

[0072] The second equalizers 870 and 970 of FIG. 8 and FIG. 9 have the same structures 
and operations as the second equalizer 770 of FIG. 7, so the detailed descriptions on the 
equalizers 870 and 970 are omitted herein. 

[0073] A channel equalization method for the channel equalizer 900, shown in FIG. 9, 
according to another embodiment of the present invention, will now be described in more detail, 
with reference to the flow chart of FIG. 10. 

[0074] An input signal of the channel equalizer 900 is output to the first FF unit 911 and the 
first FB unit 913, and output with the pre-ghost and the post-ghost eliminated by respective 
filters (S901). The signals output from the first FF unit 911 and the first FB unit 913 are added by 
the first adder 915 (S903). Thereafter, an output signal of the first adder 915 is determined to 
correspond to a certain level, by the first level decision unit 917, and output as a level- 
determined signal. The first error calculation unit 919 calculates a first equalization error value 
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based on the level-determined signal and the added signal output from the first adder 915 
(S905). 

[0075] The first equalization error value calculated in the first error calculation unit 91 9 is 
output to the first FF unit 911 and the first FB unit 913 to update respective filter tap coefficients. 
The signal inputted to the first equalization unit 910 is, thereby, gradually equalized, with filter 
tap coefficients being repeatedly updated (S907). 

[0076] The first adder 91 5 adds the output signals of the first FF unit 91 1 and the first FB unit 
913 and outputs an output signal of the first equalizer 910. 

[0077] The Trellis decoder 930 Trellis-decodes the output signal of the first equalizer 910 
(S909). 

[0078] Trellis controller 931 controls the Trellis decoder 930 to output plural Trellis-decoded 
estimation signals to the first FB unit 913, if the first equalization error value output from the first 
error calculation unit 919, becomes less than or equal to a threshold value. 

[0079] That is, as shown in FIG. 4, plural estimation signals dO, d1,..., and dn, decoded in 
plural decoding depth states, and arbitrarily set out of the entire decoding depth states of 0, 1, 2, 

3, 4 and N of the Trellis decoder 930, are output to plural filter taps of the first FB unit 913, 

respectively, in consideration of a traceback delay time (S911). 

[0080] Accordingly, the plural estimation signals of the Trellis decoder 930, with a low symbol 
error rate, are output to the plural filter taps of the first FB unit 913, according to the control of 
the Trellis controller 931 to prevent occurrences of error propagation phenomenon occurring in 
the first FB unit 913, due to the error of the first level decision unit 917. 

[0081] The second FF unit 971 , of the second equalizer 970, eliminates the pre-ghost for an 
input signal of the channel equalizer 900, output from the buffer 950. The second FB unit 973 
eliminates the post-ghost of the channel equalizer 900, output from the buffer 950, based on the 
Trellis-decoded signal from the Trellis decoder 930 (S913). 

[0082] The second adder 975 adds and outputs the output signals of the second FF unit 971 
and the second FB unit 973 (S915). 

[0083] The second error calculation unit 979 calculates a second equalization error value, 
based on the signal output from the second adder 975 and the Trellis-decoded signal output 
from the Trellis decoder 930 (S917). The calculated second equalization error value is output to 
the second FF unit 971 and the second FB unit 973. The second FF unit 971 and the second 
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FB unit 973 update their respective filter tap coefficients, corresponding to the inputted second 
equalization error value, and implement the equalization of the second equalizer 970 (S919). 

[0084] That is, the second FB unit 973 and the second error calculation unit 979, of the 
second equalizer 970, input the low symbol error rate Trellis-decoded signal, Trellis-decoded by 
the Trellis decoder 930, so that the equalization performance can be enhanced over 
conventional equalization systems. 

[0085] The channel equalizers, according to the diverse embodiments of the present 
invention, interact with the Trellis decoder so as to enhance the equalization performance. 

[0086] According to embodiments of the present invention, the channel equalizer has the first 
and second equalizers interacting with the Trellis decoder to enhance the equalization 
performance and equalization speed. 

[0087] Estimation signals output from at least one or more states, out of the decoding depth 
states of 0, 1 , 2,..., and N of the Trellis decoder, are output to their respective filter taps, 
corresponding to the first FB unit to prevent the error propagation phenomenon of the first FB 
unit. 

[0088] The decoded signal outputted from the Trellis decoder is output to the second FB unit 
so that the error propagation phenomenon of the first FB unit can be prevented. 

[0089] The second equalization error value is calculated based on the decoded signal output 
from the Trellis decoder so that the equalization performance can be enhanced. 

[0090] While the invention has been shown and described with reference to certain preferred 
embodiments thereof, it will be understood by those skilled in the art that various changes in 
form and details may be made therein without departing from the spirit and scope of the 
invention as defined by the appended claims. 
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